Abstract. Investigation of slow nonisothermal gas flow is continued. The problem of nonlinear thermomolecular pressure difference at the ends of capillary is considered. This pressure difference originates from temperature difference at the ends of capillary under any flow regime. Gas flow in cylindrical capillary is numerically investigated in continuum regime. In this case the slow nonisothermal flow equations and Navier-Stokes equations are used. Slow nonisothermal flow equations are the generalization of Navier-Stokes equations, taking into account temperature stress action in the bulk of a gas. Numerical investigation are carried out for two dependence of viscosity coefficient on temperature, -linear and square root. These dependences agree with soft potential (Maxwell molecules) and stiff potential (hard sphere molecules) of molecular interaction. Temperature boundary distribution corresponds to experimental conditions. The correlation parameter is found. The numerical investigation of flow in plane channel is carried out for kinetic (transition) regime. The limits of applicability (on small values of Knudsen number) for slow nonisothermal flow equations are numerically determined. Experimental investigation of differential nonlinear thermomolecular pressure difference is carried out on special facility. The flows of monatomic gases (helium, argon) and diatomic gases (nitrogen, air) are investigated. Qualitative correlation between theoretical and experimental data is established. Correlation of the data for monatomic gases is possible by Knudsen number. Inapplicability of Navier-Stokes equations for investigation of slow gas flows under strong heat transfer is confirmed. The quantitative agreement of numerical and experimental data for helium is shown.
INTRODUCTION.
The goal of this research is the investigation of the thermal stress effects in the problem, which is available for numerical and experimental methods. The interest in these effects is explained by the following circumstances. The theoretical study of the slow non-isothermal flows of gas as a continuum has highlighted several unusual effects:
-inapplicability of Navier-Stokes equations for investigation of slow flows under strong heat transfer [1] [2] [3] , -thermal stresses cause the motion of gas even in the absence of any mass forces and external pressure difference in the thermally non-uniform gases (except the cases when the flow boundaries are absolutely symmetric) [1] [2] [3] , -heated or cooled particles with the uniform surface temperature mutually repulse [3, 4] , -the particle is subjected not to the drag , but to the action of accelerating force in Stokes flow around a strongly heated spherical particle with the uniform temperature of the surface [5, 6] . Reviews of these researches is given in [3, 7, 8] . Various variants of derivation of slow nonisothermal (SNIT) flow equations by Chapmen-Enskog and Hilbert methods are proposed in [1, 2, [9] [10] [11] . Of course, it lead to the same SNIT flows equations with thermal creep slip boundary condition for velocity. All of these effects up to now are inaccessible ones for experimental detection. This is the sequent of small values of velocity and pressure difference which are originated from thermal stresses. The velocity is of the order of c Kn, where c -thermal velocity, and pressure difference is of the order of pKn 2 . In [12] [13] [14] the nonlinear differential thermo-molecular pressure difference problem was offered for experimental research. In this problem the main effect at the small Knudsen number is originated from the thermal creep boundary condition. It leads to linear and nonlinear effects. In opposite to thermal creep thermal stress action is only nonlinear in temperature difference. To separate the action of thermal stress in the FIGURE 1. Left: temperature profile of capillary surface, which is necessary for detecting of thermal stress action, L ∆ -zone with high temperature gradient. Right: DNTPD, equal to (p 0 -p 2 ), divided by one-dimensional TPD, equal
(2); in accordance wits SNIT flow equation or Navier-Stokes equations. T 2 /T 1 =2.5, rhomb -Maxwell molecules, circles -Hard sphere molecules.
total effect is difficult. Therefore it was proposed to compensate linear effect by pure design efforts. It can be done if along the capillary to assign temperature profile, shown on The resulting nonlinear part of thermomolecular pressure difference named here DNTPD, -differential nonlinear thermomolecular pressure difference. As it was numerically shown in [13] , the nonlinear effect of thermal creep leads to increase of pressure difference (which is determined by linear approximation the temperature slip velocity and Stokes equations). There was shown also, that thermal stress action leads to alteration of DNTPD sign. This circumstance gives the opportunity to detect experimentally thermal stress action by the sign of measured DNTPD. The special facility was designed. It realized the temperature profile, shown on Fig.1 . In [15] the first results were reported. It shows that the sign of DNTPD is opposite to determined by NavierStokes equations. But, numerical and experimental investigations were carried out with high errors. The limitation of this experimental research consists in the measurement only with air as a working gas. The air is a mixture, so the diffusion stresses may exist. Additionally, the Burnett temperature coefficients are not known for gas with diatom molecule, the first investigation on this problem published in this year [16] . The numerical solution of continuum equations was only approximate ones. So the interpretation of the results of experiment was difficult. In this research we tried to extract these defects.
The experimental facility, gauges were tested once more. The new numerical codes for continuum flow and for flow in transition regime give the opportunity to calculate the interesting values with very small checked and tested error. Experiments with several gases (helium, argon, nitrogen, air) in continuum and transition regime were carried out.
NUMERICAL INVESTIGATION
The gas flow in cylindrical capillary is investigated. The temperature distribution on the tube surface is the same as on the Fig.1 . On the short zone the high temperature gradient is exist The distribution of temperature on this part is linear in accordance to experimental design. All parameters will be related to its value on the cold part of 
Continuum flow regime
As it was mentioned above the investigation of DNTPD demands to take into account the thermal stress action in equation of impulse. In the boundary conditions must be taken into account the thermal creep velocity.
Problem statement
The investigation of monatomic one component gas flow through capillary with high temperature gradients the SNIT flow equations and Navier-Stokes equations are used. The difference between the results on p, achieved bythese calculations, is due to thermal stress action. The sum of nonlinear effect of thermo-creep velocity and thermal stress action must be measured experimentally. The dependence of viscosity coefficient on temperature adopted to be power law, corresponding to power law of molecular interaction. Burnett transport coefficients are known only for Maxwell molecules and for hard sphere molecules. So the index s=1 and s=0.5 are used. Lower the SNIT flow equations in non-dimensional form are shown.
Here coordinates related to D, velocity to 
Numerical method
The problem was solved in cylindrical system of coordinate with symmetry conditions on the axes, and undisturbed flow condition on the ends of the flow. The method of time-dependent solution was used. The conservative finite difference scheme was applied. The set 200x80 or 300x40 was used.
Results
In the consideration of DNTPD we use the ratio of 2 0
, pressure difference on sensible element with temperature distribution, that is shown on Fig.1(left) . On Fig. 1 (right) this pressure difference is divided by onedimensional approximation for the case of small temperature gradients (linear approximation),
. This value is equal 
for Maxwell molecules and ) ( 16 6463 . 0
for hard sphere molecules (the values of thermal creep coefficient [16] were used). The nonlinear effect under Navier-Stokes equations leads to increase the value of TPD, determined in linear approximation. Thermal stress action (it differs from zero only in nonlinear approximation on temperature difference) leads to opposite sign of DNTPD (or p δ )
As it is seen from Fig.1 the difference for different viscosity law is not large. On Fig.2 
All variables are in non-dimension forms. From data shown on Fig. 3 it is seen, that influence of molecular models is correlated by the T p ∆ .
Kinetic Regime
The determination of applicability limits for SNIT flow equations at nonzero values of Knudsen number was carried out by numerical investigation. The problem of DNTPD was solved in kinetic (transition) flow regime. 
Problem statement
The difficalties, connected with solution of kinetic equation for small Knudsen number lead us to application models kinetic equations (BGK model and S-model, derived by E.Shahov). Last model give in continuum limit true value of Prandtl number. Flow in plane channel (nor in cylindrical capillary) was investigated for simplicity. If we relate coordinate to distance between plates, velocity to 
Kn
. Boundary condition was complete diffusive one with temperature distribution as on Fig.1 . The kinetic equation was solved by the finite difference scheme. Nonuniform grid was used. In the velocity space the Hermitian nodes were used (with weighted Maxwellian function under condition
Results
On Fig.3 , left, it is shown dependence the pressure difference at zone with high surface temperature gradient 
EXPERIMENTAL INVESTIGATION
The results of experiments, which were carried out with air as working gas [15] , show, that it is possible to measure DNTPD in monatomic gases. Application monatomic gases is important, because in the air, besides thermal stresses may act diffusion (concentration) stresses. Moreover, for comparison of experimental data with numerical ones it is necessary to know Burnett transport coefficients. Investigation on the values of Burnett coefficients for diatomic molecules is at the beginning.
Test Bed
Principal scheme of experimental design and its realization was reported in detail in [15] . The main features of this scheme are such ones:
1. The base of design is sensitive element with temperature distribution on its surface, corresponding to profile .
